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Water World (19995)
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Masa atmosfery jest 270 razy mniejsza niz masa oceanu.
Pojemnosc¢ cieplna wody jest czterokrotnie wieksza niz pojemnosc cieplna
tej samej ilosci powietrza (NoK, str. 122)




Atmosfera a Ocean

horizontal length scale = L =~10° m;

depth scale H=10% m;

horizontal velocity scale #=~10ms™ '

vertical velocity scale w=10"*ms ™ ;
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horizontal pressure scale Ap~10 mb = 10’ Pa;

time scale L/u~10’s.
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Ap ~ 10 mb;
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Peixoto, Oort, str. 79

1000 km
10 km (troposfera)

Wiatr 10 m/s
Prad wznoszacy 1 cm/s

103 Pa
Skala czasowa 24 h

1000 km
4 km (Srednia gtgbokos¢)

Prad 10 cm/s
Konwekcja wody 0.1 mm/s

103 Pa
Skala czasowa 100 dni



Opady i rzeki
172 PHYSICS OF CLIMATE

Peixoto and Oort

TABLE ¢7.2. Estimated mean annual values of the precipitation rate P, evaporation rate E,
runoff rate P — E, river runoff rate R, from continents into the oceans, evaporation ratio E/P, and
runoff ratio (P — E)/P for the various continents and oceans from Baumgartner and Reichel

(1975). For comparison, estimates of P, E, and P — E from Sellers (1965) have been added in
parentheses.
Surface area P E P-E R,

Region (10°km?)  (mmyr—') (mmyr=') (mmyr—') (mmyr—') E/P (P—E)/P
Europe 10.0 657 (600) 375 (360) 282 (240) 0.57 0.43
Asia 44.1 696 (610) 420 (390) 276 (220) 0.60 0.40
Africa 29.8 696 (670) 582 (510) 114 (160) 0.84 0.16
Australia 8.9 803 534 269 0.67 0.33

[without

islands] 7.6] (447 (470)]  [420 (410)] [27 (60)] [0.94]  [0.06]
North America 24.1 645 (670) 403 (400) 242 (270) 0.62 0.38
South America 17.9 1564 (1350) 946 (860) 618 (490) 0.60 0.40
Antarctica 14.1 169 (30) 28 (0) 141 (30) 0.17 0.83
All land areas 148.9 746 (720) 480 (410) 266 (310) 0.64 0.36
Arctic Ocean 8.5 97 (240) 53 (120) 44 (120) 307 0.55 0.45
Atlantic Ocean 98.0 761 (780) 1133 (1040) — 372 ( — 260) 197 149 —0.49
Indian Ocean 71.7 1043 (1010) 1294 (1380) — 251 ( — 370) 72 124 —0.24
Pacific Ocean 176.9 1292 (1210) 1202 (1140) 90 (70) 69 0.93 0.07
All oceans 361.1 1066 (1120) 1176 (1250) — 110 (— 130) 110 .10 —0.10
Globe 510.0 973 (1004) 973 (1004) 0 (0) 1.10 0




Cyrkulacja oceaniczna

This view over the Atlantic
shows sea-surface temperature, with blue
corresponding to the coldest waters and
red to the warmest. The temperature is
measured by collecting thermal infrared
light using the Advanced Along Track
Scanning Radiometer (AATSR)
instrument on board the European Space
Agency’s Envisat satellite. AATSR's
primary objective is to continue from its
predecessors in creating a near-
continuous dataset, which started in
1991, of sea-surface temperature with a
precision of 0.3 K or better, which will be
a useful resource for climate research.

Physics World

Satelitarne pomiary temperatury oceanu pokazujg, jak wzdtuz réwnika prad ptynie na
zachod. Od Zatoki Meksykanskiej zotty jezor cieptej wody to Prgd Zatokowy,
zbawienny dla klimatu Europy.



Srednioroczna temperatura powierzchni
morza
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Sea Surface Temperature
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Zwraca uwage stosunkowo ciepte morze na potnoc od Skandynawii: w Korei, na
znacznie nizszej szerokosci geograficznej, temperatura jest podobna.

https://svs.gsfc.nasa.gov/3652#section_credits



Zasolenie wody na powierzchni morza

Sea Surface Salinity
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Najbardziej zasolone sg Morze Srédziemne, Czerwone i Zatoka Perska. Najmniej —
Morze Battyckie, Kaspijskie i Czarne. Atlantyk jest zasolony, gdyz pasaty przenoszg
pare wodng ponad Panamg z Pacyfiku. Widoczne sg wyptywy Amazonki, Gangesu,
Missisipi, Kongo, Mekongu, Jancy i Huang He.

httos://svs.asfc.nasa.aov/3652#section credits




Srednia gesto$¢ wod powierzchniowych

Sea Surface Densi
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Najwiekszg gesto$é majg wody Morza Srodziemnego i Czerwonego. Duza gesto$é
wod poétnocnego Atlantyku jest powodem opadania jego zimnych (i zasolonych) wod w
gtebie oceanu, co napedza globalny obieg wody gtebinowe,.

H.-N. Costis, NASA SVS, GSFC, 2009, https://svs.gsfc.nasa.gov/3652#section_credits



Opady (klimatyczne)
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Widac strefe monsundw, oraz opady niesione przez pasaty Zimg (Jan)
pada w Nowym Yorku, latem (July) w Seoulu i Indiach (Atm. Sci. str. 20)



Zimna i stona woda zapada sie w gtebine w obszarze miedzy Grenlandig a
Skandynawig i na gtebokosci sptywa w kierunku Antarktydy, gdzie ten gtebinowy
prad jest dodatkowo zasilany. Okrgza Antarktyde zgodnie z kierunkiem prgdow
powierzchniowych i miedzy Australig a Nowg Zelandig skreca na potnoc.

W rejonie Kalifornii ogrzewa sie i wraca na zachod, w kierunku miejsca narodzin.

L. F. Garcia, https://commons.wikimedia.org/wiki/File:Circulacion_termohalina.jpg



Thermohaline circulation

This a consequence the surrounding seawater gets saltier, because when sea ice forms,
the salt is left behind. As the seawater gets saltier, its density increases, and it starts to
sink. Surface water is pulled in to replace the sinking water, which in turn eventually
becomes cold and salty enough to sink. This initiates the deep-ocean currents driving the
global conveyer belt.

https://oceanservice.noaa.gov/education/tutorial _currents/



Grand Conveytor Belt

https: //oceanserwce noaa. gov/educatlo utorlal currents/
— .

-1l > .
This animation shows the path of the global conveyer belt. The blue arrows indicate the
path of deep, cold, dense water currents. The red arrows indicate the path of warmer, less
dense surface waters. It is estimated that it can take 1,000 years for a "parcel" of water to
complete the journey along the global conveyor belt.
Obecna cyrkulacja ustalita sie okoto 3-5 mlin lat temu, wskutek dryfu kontynentow,
zamkniecia sie Przesmyku Panamskiego i zwiekszenia sie zasolenia Atlantyku. Prad
Zatokowy przynosi opady sniegu w Arktyce, co doprowadzito do pojawienia sie ladolodu na
Grenlandii. Cvrkulacja termohalinowa ulegata w historii istotnym zmianom (NoK, 129)



CvrkuIaC|a termohallnowa

Fig. 2.7 Highly simplified schematic of the thermohaline
circulation. Shading denotes regions of downwelling, blue arrows
denote transport of bottom water, and red arrows denote the
return flow of surface water. [Adapted from W. J. Schmitz, Jr.,
“On the interbasin-scale thermohaline circulation,” Rev. Geophys.,
33, p. 166, Copyright 1995 American Geophysical Union. ]
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Fig. 2.8 Idealized cross section of the thermohaline circula-
tion in the Atlantic Ocean. In this diagram, Intermediate Water

comprises several different water masses formed at temperate
latitudes. Note the consistency with Fig. 2.3. [Courtesy of

Steve Hovan. |

By¢ moze, ptyng nawet dwa, naktadajgce
sie w przeciwnych kierunkach prady: z
potnocnego Atlantyku i dookota Antarktydy

Atmospheric Science, str. 29



Mechanizm:
sitaCoriolisa . g ¢
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In the Northern Hemisphere, warm air around the equator rises and flows north toward the pole. As
the air moves away from the equator, the Coriolis effect deflects it toward the right. It cools and
descends near 30 degrees North latitude. The descending air blows from the northeast to the
southwest, back toward the equator (Ross, 1995). A similar wind pattern occurs in the Southern
Hemisphere; these winds blow from the southeast toward the northwest and descend near 30
degrees South latitude.

These prevailing winds, known as the trade winds, meet at the Intertropical Convergence Zone (also
called the doldrums) between 5 degrees North and 5 degrees South latitude, where the winds are
calm. The remaining air (air that does not descend at 30 degrees North or South latitude) continues
toward the poles and is known as the westerly winds, or westerlies. The trade winds are so named
because ships have historically taken advantage of them to aid their journies between Europe and
the Americas (Bowditch, 1995).

https://oceanservice.noaa.gov/education/tutorial_currents/O4currents2.html



Mechanizm: sita Coriolisa

Wody Pradu Zatokowego, pochodzace z Zatoki
Meksykanskiej, poruszaja sie z predkoscia od
jednego do trzech weztow ( 2-5 kilometrow na
godzine). Prad Zatokowy wptywa na klimat
wschodniego wybrzeza Florydy, utrzymujac
temperatury wyzsze zima i chtodniejsze niz w
innych potudniowo-wschodnich stanach latem.
Poniewaz rozciaga sie rowniez w kierunku
Europy, ogrzewa rowniez kraje Europy.

The Gulf Stream Current

https://oceanservice.noaa.gov/education/tutorial _currents/04currents3.html



Sea Surface T (10/03/2024)

OISST Sea Surface Temperature (°C) ClimateReanalyzer
1-day Avg | Sat, Mar 09, 2024 Climate Change Institute | University of Maine




Hydrosfera: prady oceaniczne
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Ocean na rowniku ,spdznia sie” w stosunku do wirujgcej Ziemi: prady ptyng na zachod.
Ale powyzej rownika ptynie pragd przeciwny — co widac tez na poprzedniej mapie

By NOAA - here, Public Domain,https://commons.wikimedia.org/w/index.php?curid=3918644



Prady oceaniczne: komork| cyrkulacii
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Prgdy oceaniczne krgzg w ,clock-wise” na potkuli pétnocnej i ,anti” na potudniowe.
Wymusza to sita Coriolisa i uktad kontynentow. Ponadto wiatry.
Tylko wokot Antarktydy prad ptynie ,dookota™, ale tez zgodnie z sitg ,bezwtadnosci”

By Dr. Michael Pidwirny (see http://www.physicalgeography.net) - http://blue.utb.edu/paullgj/geog3333/lectures/physgeog.html,
[http://skyblue.utb.edu/paullgj/geog3333/lectures/oceancurrents-1.gif original image], Public Domain,
https://commons.wikimedia.org/w/index.php?curid=37108971



Prady oceaniczne: kilka bardziej znanych

7

D
-
<

- | - 1
A\ =7 1 A\ S

LA ]
.l.

F v AV v s 2 s

30N [~ o= o
‘\’;’: -bo-— ;0:~-/ P4
v | f;,_'fg‘:fj?
- el
| | | | - |
60E 120E 180 120W 60W 0

——>1ms™!

Fig. 2.4 Annual mean ocean surface currents based on the rate of drift of ships. The Gulf Stream (G) and the Kuroshio Current (K)
are warm, western boundary currents. The Humboldt Current (H) is the most prominent of the cold, equatorward currents driven by
the winds along the eastern flanks of the subtropical anticyclones. The westward South Equatorial Current (S) is driven by the easter-

lies along the equator and the weaker eastward North Equatorial Countercurrent (N) is a response to the winds in the vicinity of the
ITCZ. [Data courtesy of Philip Richardson, WHOI; graphic courtesy of Todd P. Mitchell.]

Ciepte: G — Gulf, K — Kuroshio, Zimne: H — Humboldta
Roéwnikowe: S — potudniowy, N — potnocny (stabszy)



Prady, szczegotowo
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https://upload.wikimedia.org/wikipedia/commons/6/67/Ocean_currents 1943 %28borderless%293.png



Prady, szczegotowo
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Prad Humboldta (bogaty w tlen i mikroelementy) zapewnia obfitos¢ planktonu i w
konsekwencji ryb, oraz zapobiega wystepowaniu huraganow tropikalnych. Powoduje
rowniez niezwykle zimny i suchy klimat w Chile (dzieki czemu astronomowie mogg tam
instalowac teleskopy, szczegolnie w zakresie IR).

Temperatury na zachodnim wybrzezu Ameryki Ptd. sg o 5-7 °C nizsze niz na wschodnim

Prad Humboldta zasila jeden z najbardziej obfitych w ryby regionoéw swiata, przy
wybrzezach Peru. Lowi sie gtdwnie: sardynki, sardele, makrele, morszczuka i kalmary.

https://en.wikipedia.org/wiki/Humboldt Current



Antarktyda: ptyngc dookota
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The Antarctic Circumpolar Wave (ACW) is a
coupled ocean/atmosphere wave that circles the Southern Ocean in approximately

eight years at 6-8 cm/s. The wave moves eastward with the prevailing currents.
https://en.wikipedia.org/wiki/Antarctic_Circumpolar_Wave
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Upwelling, czyli prady ,wznoszgce”

\/—’ » UPWELLING
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https://oceanservice.noaa.gov/education/tutorial _currents/media/supp_cur03b.html



Upwelling | produkcja
biologiczna

Atmospheric Science, str. 30

Fig. 2.10 Distribution of primary productivity in the marine and

terrestrial biosphere, averaged over a 3-year period. Over the
oceans the dark blue areas are indicative of very low productivity
and the green and yellow areas are relatively more productive.

Over land dark green is indicative of high productivity. [Imagery
courtesy of SeaWiFS Project, NASA/GSFC and ORBIMAGE, Inc.]



Fitoplankton

SeaWiFS ocean chlorophyll data from 1998. Low concentrations of
phytoplankton are represented by purple and blue shades, high concentrations
are yellow, orange, and red. (Image courtesy NASA SeaWiFS project
Niezbedne sg mikroelementy
https://earthobservatory.nasa.gov/features/RemoteSensing/remote_09.php
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Fig. 2.5 Eddies along the landward edge of the Gulf Stream,
as revealed by the pattern of sea surface temperature.
Temperatures range from ~20 °C in the orange regions down
to ~6 °C in the darkest blue regions. Note the sharpness of
the boundary and the indications of turbulent mixing between
the waters of the Gulf Stream and the colder Labrador
Current to the north of it. [Based on NASA Terra/MODIS
imagery. Courtesy of Otis Brown. ]

Labrador na potnhocy
Zatokowy na potudniu



El Nino: globalne anomalie prgdow
Monthly Sea Surface Temperature °C

La Nina Conditions December 1998
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Globalne anomalie pradow

Normal Conditions
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Thermocline

El Nifo doesn’t just make fish
scarce off the coast of Peru, it
has an impact on the entire
planet.

https://scied.ucar.edu/learning-zone/how-
climate-works/el-nino-fish-tale

Among these consequences are
increased rainfall across the
southern tier of the US and in
Peru, which has caused
destructive flooding, and
drought in the West Pacific,
sometimes associated with
devastating brush fires in
Australia.

https://www.pmel.noaa.gov/elnino/what-is-el-
nino




Globalne anomalie pogodowe: dipol Oceanu
Indyjskiego
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https://en.wikipedia.org/wiki/Subtropical Indian Ocean Dipole




Kompetencja spoteczna: fala ,odbojowa”
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Globalne tragedie: t

sunami

livello del mare

http://crisisreliefjapan.files.wordpress.com/2011/10/tsunami-wave.jpg
http://cksimpsonwx.blogspot.com/2013/03/throwback-tohoku-earthquake-and-tsunami.html
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BN 2004 250 tys. ofiar

https://pl.wikipedia.org/wiki/Trz%C4%99sienie ziemi na Oceanie Indyjskim (2004)

https://it.wikipedia.org/wiki/File:Tsunami_wavefield for the 2004 Sumatra-Andaman_earthquake.webm

https://it.wikipedia.org/wiki/Terremoto_e_maremoto_dell%270ceano_Indiano_del 2004#.~:text=11%20
maremoto%20dell'Oceano%20Indiano,e%20ha%20causato%20230.210%20morti.



Physms and the Earth

Weicome to this spacial issue of Physics World devoted
to our home, Earth. Over the naxt 34 pages, we take
YOu on a joumey from the crust to the centre of

the Earth, encountering earthguake physics,
geomagnetic reversal, core conditions and

even geoneutrinos. But first we begin

with thesa fabulous visualizations

from afar, showing planet-wide
phenomena in all their gory

Tsunami po trzesieniu ziemi w Tohuku (Japonia) 11.03.2011: 9,0 w skali
Richtera (jedno z najsilniejszych w historii ludzkosci): 20 tys. ofiar tsunami.
Naprezenia miedzy dwiema ptytami kumulowaty sie przez 800 lat.



Anomalia pogodowa?

« Tam akurat, rzecz jak najbardziej powszednia.

-

https://static.independent.co.uk/s3fs-public/styles/story_large/public/thumbnails/image/2016/10/13/16/world-gallery-pix-13-131016.jpg



Podsumowanie

Z czego wynikajg gtowne kierunki cyrkulacji prgdow
oceanicznych?

Wymien 3 najwazniejsze prady oceaniczne

Wyjasnij mechanizm powstawania ,globalnego transportera”
czyli pradu gtebinowego

Dla fizykow: opisz rozktad natezenia pola elektrycznego nad
nieskonczong powierzchnig natadowang gestoscig
powierzchniowa tadunku o [C/m?], z rozkladem natezenia pola
dookota nieskonczenie dtugiego tadunku liniowego A [C/m] i
dookota tadunku punktowego g [C]. Jakies wnioski dla fali
tsunami?



Odissea: pura fantasia?

« Dall'altra parte havvi due scogli: l'uno
Va sino agli astri, e fosca nube il cinge
Né su |'acuto vertice, |'estate
Corra o l'autunno, un puro ciel mai ride.

« Scilla ivi alberga, che moleste grida
Di mandar non rista.

« (Grande verdeggia in questo e d'ampie foglie
Selvaggio fico; e alle sue falde assorbe
La temuta Cariddi il negro mare.
Tre fiate il rigetta, e tre nel giorno
L'assorbe orribilmente.

Omero, Odissea, Libro XI|
https://www.rodoni.ch/busoni/bibliotechina/nuovifiles/odisse h/testo.htm



Omero: Scilla & Cariddi

Foto Maria Karwasz



Stretto di Messina
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(da Tomasino M., 1995)

Velocita corrente Volume stimato
200 cm/s > 750.000 m>/s
300 em/s > 1.000.000 m*/s

http://it.wikipedia.org/wiki/Stretto di

Messina  Dislivello di 3 cm su 3 km: impossibile a remare




La zona e sinistra anche per i terremoti

D 72319500
Data UTC: 23N301) G063
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ltalia sembra uno stivale. No! E una scarpa da calcio, visto che il calcio & lo
sport nazionale. A questo punto, la Sicilia € una palla fortemente calciata,
che gira in senso antiorario.  Parlando serio, la causa del terremoto a
Messina 1908 fu proprio questo moto rotatorio dellisola. E anche tutta la
penisola gira in senso antiorario, dopo aversi staccata dalla Tunisia e aver
urtato 'Europa, dove oggi soni le Alpi (20 min di anni fa?)



Qual ¢ il posto piu bel al mondo?

Avete mai visto il mare color rosa?

Grazie per l'attenzione!



